In order to evaluate growth and yield performance of guar (Cyamopsis tetragonoloba L.) in Mediterranean area, main morphological parameters (plant height, dry weight of single plant parts, branch and leaf number), dry biomass accumulation and seed yield response of five varieties of guar (Esser, Malosan, Kinman, Lewis and Santa Cruz) were studied. Seed crude protein and fibre content were also determined. Irrigation was applied to ensure that water availability did not limit production. The growing season of guar lasted for 120 days for all the varieties. Average plant height at harvest was about 63 cm (ranging from 56.0 to 70.6 cm). The highest dry weight increment was recorded during 55-70 days after sowing. Malosan, Santa Cruz and Kinman showed the highest individual seed weight (> 30 mg). Above average leaf and branch number were observed in Kinman, Esser and Santa Cruz. The greatest seed protein content was observed in Lewis and Esser (35.6% and 34.7%). High yield and seed quality were obtained in these environments with limited water supply, indicating that guar may represent a valid alternative multipurpose crop for semiarid regions.
Introduction
Guar (Cyamopsis tetragonoloba L.) is a summer, annual, drought-tolerant legume. Although doubts remain about its centre of origin, guar probably originated and developed in the arid areas of the Indo-Pakistan subcontinent (Whistler and Hymowitz, 1979) . It needs a hot climate, takes advantage of irrigation (Alexander et al., 1988) and fertilization (Omer et al., 1993) , has a high tolerance to salinity (Ashraf et al., 2005; Francois et al., 1990 ) and a good capability to fix atmospheric nitrogen (Wetselaar, 1967; Elsheikh and Ibrahim, 1999) . Guar seeds contain about 4% edible oil (Mehta and Ramakrishanan, 1957) , and a protein content ranging between 27 and 37% (Whistler and Hymowitz, 1979) . Although it is an industrial crop, it is also cultivated as a vegetable for human consumption, particularly in India and Pakistan, as feed for livestock and as a green manure crop. From the seed endosperm, guar gum (long branching polymers of manose and galactose) is extracted and used in a wide range of industrial destination, but mainly in food industry as a flocculant and binder in ice cream and frozen desserts. Recently, guar gum has also been studied as a substitute for fat in human food (Zambrano et al., 2004) to decrease total caloric content. Guar gum is also used in paper, pharmaceutical and cosmetics industry. After gum extraction, the residue or guar meal, is utilisable as food for cattle due to its high protein content.
Guar is best adapted to tropical and subtropical regions. It is mainly cultivated in India, Pakistan and USA (Texas and Oklahoma). In Europe, it has been grown in the past in Italy, where details were reported for late sowing in Sicily (Whyte et al., 1953) ternative crop for the exploitation of the semiarid environments (Losavio et al., 1995) , where high temperature, poor erratic rainfall and elevated water salt content do not allow the cultivation of many crops. However, very little research has been carried out in Mediterranean countries to study the agronomic response of this crop. The aim of this research was to evaluate dry biomass accumulation, seed yield and qualitative characteristics of five cultivars of guar in the Mediterranean environment.
Material and methods
The of K 2 O were supplied. From June to September, 2,010 m 3 ha -1 of water was supplied with a drip system, restoring 100% of the ET m (maximum evapotranspiration), crop water use calculated by a class A pan evaporation, using the soybean coefficients (Doorenbos and Kassam, 1979) . Weed control was managed by chemical treatment before sowing (Trifluralin, ) and by hand weeding during the trial. Phenological phases and growth were analysed, recording the main biometric (height of plants, number of branches, number of leaves) and production (seed yield and seed weight) parameters. Dry weight accumulation of different plant parts (stem, branches, leaves and pods) at 37, 54, 70 and 121 days after sowing (DAS) was measured in ten plants for each plot. Crop growth rate (CGR) for each growing period was calculated. Protein (Kjeldahl) and fibre contents (Weende) of seeds were also determined (AOAC, 1995) . Temperature and rainfall were monitored throughout the experiment. Data were analysed by a one-way ANO-VA using the Students-Newman and Keuls test (SNK) with Costat package (CoHort Software).
Results

Temperatures and rainfall
Air temperature fluctuations were representative of the thirty year data. During vegetative plant growth, temperatures rarely dropped to 10°C or were greater than 35 °C. During ripening, a considerable reduction in both minimum and maximum temperatures was observed. During the experiment, rainfall was 110 mm, concentrated in the second half of September (Fig. 1) .
Biometric parameters
All the varieties showed a similar plant height trend; the fastest growing period was recorded between 40 th and 70 th (DAS) at which plants reached almost their final height, except Malosan which continued growing until harvest (121 st DAS) (Fig. 2) . At harvest Esser, Malosan and Kinman were significantly taller (67.5 cm on average), than Lewis and Santa Cruz (56.5 cm on average).
Dry weight analysis of the whole plant showed increasing values until harvest, where a peak of 20.9 g plant -1 of dry matter on average was reached (Fig. 3) , respecItal. J. Agron. / Riv. Agron., 2007, 4:359-364 361 tively, for Lewis and Esser, while pods showed, at the end of the cycle, average values of 14.9 g plant -1 (ranging from 11.7 g plant -1 for Santa Cruz and 17.1 g plant -1 for Kinman). At 70 th DAS, higher values of both leaf and branch numbers were observed in Kinman, Esser and Santa Cruz (95.5 and 7.9 on average, respectively) (Fig. 4a and b) .
CGR values showed a different growing trend in the studied varieties: in Esser a high CGR in the 2 nd and 3 rd period and low in the ) (Tab. 1).
Production and qualitative parameters
Seed yield did not show any significant difference between varieties (2,400 kg ha -1 on average). Malosan and Santa Cruz showed the higher individual seed weight (33.9 mg and 32.8 mg respectively), while the lowest was recorded in Esser (26.9 mg) (Fig. 5) .
Seed protein content of the five varieties showed significant differences. The highest protein content was detected for Lewis and Esser (35.6% ± 0.24 and 34.7% ± 0.21 respectively); Santa Cruz and Malosan showed intermediate values (32.1% ± 0.39 and 29.7% ± 1.48 respectively), while the lowest was found in Kinman (26.9% ± 0.12). Seed fibre content did not show any difference among the varieties, with an average value of 11.3% ± 0.37.
Discussion and conclusion
The results of this study give original indications of biomass accumulation and seed yield of guar in the Mediterranean area and contribute to a better knowledge of this crop. No many research data on yield and biomass response of guar in this region are available. Guar cultivated in Mediterranean environment showed a very good adaptation. Significant differences between varieties were found for plant height, leaf number, branch number, dry biomass and individual seed weight, even if they did not result in differences among seed yield.
Our results demonstrated that accumulation of dry weight was quite slow during the first 40 DAS, 20 days less compared to what reported by Jackson and Doughton (1982) . Dry biomass accumulation showed a growing season of about 120 days for all the varieties, with rapid growth between 40 and 70 DAS. The maximum dry weight increment (registered between 55 and 70 DAS) was directly linked to the weight incre- ment of pods, even in presence of the dropping of senescent leaves. Pods, in fact, started to grow after 55 DAS and continued until harvest. From CGR analysis it emerged the different growth behaviour of studied varieties: Kinman had a fast growth rate above all in the 3 rd period, while Malosan showed high crop growth rate until the end of crop season. Santa Cruz has a less heavy pods, but with a higher individual seed weight. Stem and branches gave a very little contribute to he total dry matter during all the biological cycle.
Seed yield of guar reported in literature are highly variable, ranging from less than 1,000 kg ha -1 without irrigation (Tucker and Foraker, 1975 ) to 5,000 kg ha -1 in irrigated row plots (Beech et al., 1989) . In this experiment, guar showed an average seed production of 2,400 kg ha -1 , that represents a good production compared to the most of the reported yields (Jackson and Doughton, 1982; Kumar and Singh, 2002) . These results may be due to favourable environmental conditions and to water not limiting production and also because this crop, especially in India, is often relegated to poorer land (Jackson and Doughton, 1982) . Moreover the high temperatures and low relative humidity of Mediterranean environment are able to inhibit Alternaria cyamopsidis disease (Saharan and Saharan, 2004) , that strongly limits the grain production in rainy climate (Yogendra et al., 1995) .
In agreement with Losavio et al. (2002) , little variation between varieties was observed in seed yield. On the contrary, Alexander et al. (1988) in irrigated plots in Arizona reported that Lewis increased guar seed production up to 25% over Kinman and Santa Cruz. Malosan, Santa Cruz and Kinman gave greater individual seed weight, but, due to a compensative number of pods per plant (data not showed), all the varieties gave similar seed yields.
Compared to reports from Batthi and Sial (1971) and Elsheikh et al. (1999) , a greater seed protein content was measured in the present experiment. Similar protein content was detected in guar by Jain et al. (1987) . Individual seed weight and seed protein content seem to be negatively correlated: the two varieties that showed the highest percentage of protein (Esser and Lewis) were also the lowest in dry individual seed weight.
Among the industrial crops, guar is of particular interest for Mediterranean environments for its high seed yield and quality. The high number of leaves (detected particularly in Malosan, Esser and Santa Cruz) confirm the validity of guar not only for grain, but as a multipurpose crop. With its 120 days of growing period, guar can be classified among the short duration crops, confirming to be a suitable alternative crop for these areas. Moreover, nitrogen fixation allows successfully rotation with wheat, cotton and pearl-millet (Allen, 1964; Tucker and Foraker, 1975; Saxena et al., 1997) . The knowledge of a rapid growth period can lead to a more opportune fertilization and irrigation management technique in this crop.
Further studies are required to evaluate the best management techniques in semi arid environments in order to increase production and quality of grain and reduce water supply. 
